The central sulcus region is an eloquent area situated between the frontal and parietal lobes. During neurosurgical procedures, it is sometimes difficult to understand the cortical anatomy of this region. Objective: Find alternative ways to anatomically navigate in this region during neurosurgical procedures. Method: We analyzed eighty two human hemispheres using a surgical microscope and completed a review of the literature about central sulcus region. Results: In 68/82 hemispheres, the central sulcus did not reach the posterior ramus of the lateral sulcus. A knob on the second curve of the precentral gyrus was reliably identified in only 64/82 hemispheres. Conclusion: The morphometric data presented in this article can be useful as supplementary method to identify the central sulcus region landmarks.
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The central sulcus region, which consists of the precentral sulcus, precentral gyrus, central sulcus, postcentral gyrus, and postcentral sulcus, is an eloquent area situated between the frontal and parietal lobes. Cortical maps obtained with direct electrical stimulation 1 and functional magnetic resonance imaging studies 2 showed almost identical functional maps, and both methods demonstrated that the motor hand area is located in the superior part of the precentral gyrus Several methods have been created to aid both neurosurgeons and neuroradiologists in precisely localizing the precentral gyrus. One of them consists of recognizing the intersection between the superior frontal sulcus and the precentral sulcus, being the motor hand area at the same sagittal plane on the precentral gyrus 3, 4 . Another one is localizing the precentral knob, which can be recognized on the axial plane by the form of the Greek letter inverted omega 2 . The omega sign is a usual way to describe the knob on the precentral gyrus, which represents the motor hand area 5 .
During direct cortical observation, it is sometimes difficult to understand the cortical anatomy of the sulci and gyrus because of the arachnoid matter 6, 7 . Further, anatomical variation often occurs in this region 8 . Therefore, it is important to the neurosurgical team to have many methods, including morphological and morphometric methods, to recognize the sulcal and gyral anatomy of this region.
method
We analyzed 82 human brain hemispheres obtained from the neuroanatomy laboratory of the Federal University of São Paulo. All of them were preserved in 10% formalin solution. We removed the arachnoid membranes and dissected the central sulcus region of each one using a surgical microscope (KAPS model SOM 82, Germany). A detailed protocol for analyzing each hemisphere was followed; the same individual analyzed all the samples. The focus was to study the sulci and gyrus of the central sulcus region including its morphological and morphometric aspects. We have also completed a review of the literature on the central sulcus and omega sign anatomy.
results
After removing the arachnoid membranes, we were able to characterize the central sulcus in all hemispheres. In all hemispheres analyzed, we observed that the central sulcus had three main curves. The first and third curves were anteriorly convex; the second curve was posteriorly convex.
In 5/82 hemispheres, we found a discontinuation in the central sulcus due to a focal abrupt reduction in the sulci depth, creating an edge-like aspect in the lateral view of the cerebral hemisphere.
Among the 82 hemispheres, the central sulcus did not reach the posterior ramus of the lateral sulcus in 68 specimens, allowing the subcentral gyrus to be visualized in the lateral aspect of the cerebral hemisphere. In the remaining 14 hemispheres, the central sulcus reached the posterior ramus of the lateral sulcus. However, even in these specimens, we could reliably observe a gyrus connecting the inferior aspects of the precentral and the postcentral gyrus in the opercular cleft of the sylvian fissure ( Figure 1 ).
In 63/82 specimens, we visualized an isolated central sulcus, which did not communicate with any other sulcus. In 14/82 specimens, a ramus of the precentral sulcus reached the central sulcus, and in the other 5/82 specimens, a ramus of the postcentral sulcus connected with the central sulcus. However, in the 19 of the 82 hemispheres in which a ramus reached the central sulcus, only a superficial connection was found. In those hemispheres, when we looked at the depth of the sulcus intersection, there was a cortical edge separating the central sulcus from the rami of the precentral and the postcentral sulcus (Figure 2) .
A knob on the second curve of the precentral gyrus was reliably identified only in 64/82 hemispheres. This knob had almost the same morphometric aspects in both sided hemispheres (Table) .
We also found that the second curve of the central sulcus, which was in apposition with the knob of the precentral gyrus, was located in the projection of the superior frontal sulcus. In a majority of the specimens (76/84), the superior frontal sulcus reached the precentral sulcus, creating an intersectional point which was the invagination base of the second curve of the central sulcus ( Figure 3 ).
dIscussIon
It would be important to neurosurgical team to know alternative morphological and morphometric methods to precisely localize the structures of central sulcus region. Taking this point into consideration, the main objective of this study was to better characterize the central sulcus region. Direct cortical stimulation studies 1, 9 and recent functional magnetic resonance imaging studies 2 have demonstrated that the precentral gyrus lodges the motor primary cortex and the second curvature of the central sulcus, which corresponds to the knob-like form in the precentral gyrus, are specifically associated with contralateral motor hand skills.
We found the knob on the precentral gyrus, which represents the motor hand area, in 64/82 hemispheres. Even after removing all the arachnoid membranes, we could not identify the motor hand area in 18/82 hemispheres using direct cortical inspection.
As demonstrated in the Table, the average distance of the knob on the precentral gyrus to medial edge of the hemisphere was 20.617 mm and 18.633 mm on the right and left hemisphere respectively. And the average distance of the knob on the precentral gyrus to the posterior ramus of the lateral sulcus was 41.529 mm and 41.166 mm on the right and left hemisphere respectively. This morphometric data can be applied as an alternative method to localize the motor hand area on the precentral gyrus.
The knob on the precentral gyrus is mainly formed by two sulci perpendicular to the central sulcus (Figure 4 ). These sulci are more highly accentuated at deeper levels of the central sulcus and become smooth or even disappear at the cortical level of the central sulcus. The sulcal configuration of this region can explain the fact that sometimes the knob on the precentral gyrus cannot be observed by direct cortical visualization.
Furthermore, even with evident axial imaging showing the omega sign, we could not always find the knob on the precentral gyrus. Therefore, we think that morphometric data such as distance of the knob to the medial edge of the hemisphere or to the posterior ramus of the lateral sulcus can be useful in this case.
The focal abrupt reduction of the central sulcus depth that was found in 5/82 hemispheres probably corresponds to the pli de passage fronto-pariétal moyen (PPFM) described by Broca 10, 11 . Actually, a study using 3-dimensional reconstruction of the central sulcus showed the PPFM in 96.4% and 89.1% in the left and right hemispheres, respectively 12 . This divergent result was probably because we were only able to visualize the PPFM large enough to be observed in the lateral aspect of cerebral hemispheres.
The pli de passage frontoparietal inferieur 11 , which corresponds to the subcentral gyrus, could be seen in all hemispheres.
In recent years, the multimodal intraoperative monitoring has become more often used. It generally consists in three main modalities, when dealing with central sulcus lesions, which are the following: direct cortical stimulation, phase reversal technique and the subcortical stimulation
13
. Direct cortical stimulation is made with a directly electrical stimulus applied on the cerebral cortex. Commonly is used monopolar or bipolar stimulus and electromyographic recording to construct a cortical map in the precentral gyrus 13 . The phase reversal technique is a method to identify the central sulcus using the median nerve somatosensory evoked potential. An electrocorticography strip crossing the central sulcus shows an initially downward deflection anterior to central sulcus and an initially upward deflection posterior to central sulcus 20-ms after a median nerve stimulus 14 . The subcortical stimulation can be used in the central sulcus region to evaluate the proximity of the corticospinal tract. In the same way as direct cortical stimulation, a bipolar stimulus is applied in the subcortical region and an electromyographic change is recorded 15 . In our opinion, a combination of anatomical landmarks and morphometrical measures with the multimodality intraoperative monitoring is important to deal safely with central sulcus lesion. 
A b c d example case
A thirty years old woman with history of focal seizure was admitted at our institution. Initial radiological evaluation showed a left frontal lesion closely located to central sulcus region ( Figure 5 ). She was submitted to microsurgical resection of the lesion using intraoperative multimodal monitoring method associated with anatomical localization. (Figure 6 and 7) . The anatomopathologic findings were compatible with diffuse astrocytoma. She improved her seizure symptoms, had no additional neurological deficit and is being accompanied on ambulatory care unit.
In conclusion, the morphometric data presented in this article can be useful as supplementary method to identify the central sulcus region landmarks. 
